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Introduction
Biofilm formation is of great interest to many 
scientific fields. Not only is the role of biofilm 
known in their prosperity to coat and corrode 
pipes for example in the field of petroleum, 
but their role in modern medicine is of great 
importance. Approximately 65% of all human 
bacterial infections such as osteomyelitis, 
bacterial prostatitis, infective endocarditis, cystic 
fibrosis pneumonia and oral diseases such as 
dental caries and periodontal diseases 
 involve biofilms (5).
The biofilm consists of bacteria with a three-
dimensional organization, enveloped in extra 
cellular polymeric substances, and with networks 
of intervening water channels. The water channels 
deliver necessary nutrients and remove wastes so 
that the bacteria deep in the biofilm may survive 
(4). Bacteria in biofilms are physiologically 
differentiated from free living bacteria (6).
Until recently, bacteria were considered to 
represent non- social individual single-cell life 
forms, lacking the ability to communicate (). 
As results from recent studies show, however 
bacteria are able to organize into groups and they 
may communicate.
Quorum sensing is a process in which bacteria 
monitor their cell population density by 
measuring the concentration of small secreted 
signal molecules, called autoinducers (). 
Quorum sensing requires a sufficient density of 
bacteria. In biofilms there is a high density of 
bacteria, which may suggest that communication 
systems are functional in the biofilms (6). 
Bacterial communication may be significant in 
development of many diseases.
Through the process of quorum sensing, 
bacterial populations coordinate quorum sensing 
communication systems. The first, known as 
intraspecies quorum systems, are species specific. 
The second system is involved in both intra and 
interspecies communication.  
The main communication signal in this system 
is, called autoinducer  (AI-) (1). The luxS gene 
which is present in many gram negative and gram 
positive bacteria, is thought to be responsible for 
synthesizing autoinducer- (AI-) (7,9,10).
A recent study in Streptococcus gordonii shows 
that luxS mutation, results in development of a 
biofilm architecturally different from that of the 
wild type (9). Another study in Streptococcus 
mutans shows that by the inactivation of luxS, 
the biofilm structure changes, compared to that 
of the wild type (7). None of these studies show a 
significant difference in the amount of the biofilm 
formed by the wild type compared to the mutant 
(9, 7).
Streptococcus intermedius is an oral bacterium 
and belongs to the anginosus group. Bacteria 
in the anginosus group are part of the normal 
microbiota, found in genitalia, the oropharynx 
and the intestines. They are often associated with 
abscesses in internal organs, such as in the brain, 
lung and liver, as well as local meningitis and 
pleuraempyema (11).
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Fig.1 
The anginosus group (12).
The role of luxS in biofilm formation of 
S. intermedius has not yet been investigated.
Aim
The aim of this study was to investigate whether 
inactivation of the luxS gene was associated with 
changes in biofilm formation. 
Bacteria and growth media
Biofilm:
S.  intermedius wild-type NCTC 114 and its 
deletion mutant defective in the luxS gene (luxS÷) 
were assayed for their biofilm formation, and then 
compared.
1.  Quantitative method- polystyrene  
 microtiter-plates
The wild-type strain was subcultured on different 
media. In the first subculture we used Tryptone 
Soya Broth (TSB). The luxS÷ were grown using the 
same medium supplemented with 5µ/ml kanamycin. 
This would select the mutant only, because in 
their construction they were rendered kanamycin 
resistant. To make sure that kanamycin would not 
interfere with the assay results we used kanamycin 
only in the first overnight subculture.
 
Anginosus group 1.  S. anginosus
  2.  S. constellatus
  3.  S. intermedius1 2
3
Pyogentic group
Mutans group
Bovis group
Salivarius group
Mitis group
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We transferred colonies from THB agar plates to 
liquid medium (TSB) and incubated the cells at 
7˚C overnight in a 5% CO aerobic atmosphere. A 
volume of 50 µl was then transferred into fresh TSB 
medium the next day, and grown again overnight 
in the CO incubator. The third day we diluted the 
second overnight culture in liquid medium (5µl/ml 
in fresh TSB), and transferred 500 µl into the wells 
of the microtiter plate. The microtiter plate was 
incubated at 7˚C overnight in 5% CO aerobic 
atmosphere. We also gram stained from the second 
over night batch and studied the specimens under 
the light microscope. We did this to make sure that 
both the mutant and the wild type were free from 
contamination and that they had similar chain 
formations.
The last day we transferred the planktonic fraction 
from the wells into Eppendorf tubes and then 
measured optical density in the spectrophotometer 
at OD600. The spectrophotometer determines the 
microbial mass by measurement of light absorption. 
We did the same with the biofilm fraction. First we 
added TSB to the wells, scraped off the attached 
biofilm cells, transferred the resuspended biofilm 
to Eppendorf tubes. To disrupt coccal chains and to 
dispense the cells we used the whirlimixer ×0 sec 
and then measured OD600.
We also tested biofilm growth of the wild type and 
luxS÷ in Brain Heart Infusion medium (BHI). We 
had three parallels with BHI supplemented with 
glucose (0, 8%), four parallels with BHI alone, and 
three parallels with BHI supplemented with sucrose 
(0,8%).
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Growth
We investigated the growth rate of S. intermedius 
wild type and its isogenic mutant. We wanted to 
seclude any differences in the growth rate between 
the wild type and the mutant. 
The bacteria were cultivated in liquid medium 
(TSB). In the first over night subculture of luxS÷ 
mutant we used kanamycin (5µ/ml).  
The second overnight was deluted 1:0 in TSB and 
incubated at 7ºC in 5 % CO aerobic atmosphere. 
The wild type and the luxS÷ mutant growth were 
monitored by measuring the optical density at 600 
nm at different time intervals (fig ).
Scanning electron microscopy
To study possible structural differences between 
the luxS÷ mutant and the wild type biofilm we used 
scanning electron microscopy.  This method allowed 
us to examine the surfaces of the bacteria in great 
detail.
Results
Growth curve
When bacteria are introduced into fresh medium, 
usually no immediate increase in cell number or 
mass occurs, and therefore this period is called the 
lag phase. 
An obvious lag phase was not observed in the wild 
type or the luxS÷ (fig. ).This may be because 
measurements were taken only after h.
During the exponential or the log phase bacteria are 
growing and dividing at the maximal rate possible. 
Because each individual bacterium divides at a 
slightly different moment, the growth curve rises 
smoothly rather then in discrete jumps. There was 
not a significant difference between the mutant and 
the wild type in this phase.
Eventually the population growth ceases and the 
growth curve flattens, this is called the stationary 
phase. In this phase the total number of viable 
bacteria remains constant until the cells start dying.
Microbial populations enter the stationary stage for 
several reasons.
Obvious reasons are nutrient limitation and 
accumulation of toxic waste products.
Fig.2
The growth curve for two wild types of
Streptococcus intermedius compared 
with two luxS÷  mutants of 
S. intermedius. The growth curves, 
including the lag, log and the 
stationary phase were similar in the 
wild types and the mutants. 
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Biofilm formation in TSB
Fig. 3 Biofilm formation in 
TSB. The results from two 
independent experiments (1 
and 2) are shown. The bars 
represent mean values from 
four parallels. Two different 
luxS isolates (1a and 2a) and 
the wild type (WT1 and WT2) 
were used in the experiments.
WT1 1a WT2 2a WT1 Mutant
biofilm 0,229 0,303 0,327 0,254
0,216 0,37 0,307 0,278 1,017 0,801
0,257 0,322 0,381 0,27 1,06 0,954
WT1 1a WT2 2a WT+CSP Mut+CSP
planctonic -0,996 -0,991 -0,968 -1,014 -0,451 -0,487
-0,972 -0,958 -0,989 -1,03 -0,364 -0,552
-0,975 -1,009 -0,94 -1,012
WT1 1a WT2 2a WT+cps Mut+CPS -0,4075 -0,5195
Planktonic -0,981 -0,986 -0,965667 -1,018667 -0,4075 -0,5195
Biofilm 0,234 0,331667 0,338333 0,267333 1,0385 0,8775
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Mutant 1a formed slightly more biofilm than the wild 
type. This was in contrast to mutant a that formed 
less biofilm than the wild type. It was not possible 
in this pilot study to conclude whether inactivation 
of luxS has an effect on biofilm formation in TSB 
(fig ). Further independent experiments allowing 
statistical analysis of the results are warranted before 
definite conclusions may be drawn. It is possible that 
the method could be refined to increase sensitivity.
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Biofilm formation in BHI
Fig.4 Average using BHI medium and different 
supplements. Diagrams of the wild type and mutant 
luxS÷, showing the amount of biofilm formed 
compared to planktonic bacteria. 1, 2 and 3 
represent the Wild type and 4, 5 and 6 represent the 
mutant luxS÷. In diagrams 1 and 6 BHI and glucose 
was used. In diagrams 2 and 5 BHI was used and in 
diagrams 3 and 4 BHI and sucrose was used. The 
bars above 0 represent the OD values for biofilm, 
and below 0 the values for the planktonic fraction. 
The bars represent mean values of 3 independent 
experiments with 3 to four parallels.
When wild-types were subcultured on BHI medium, 
they showed no difference compared to the luxS÷ 
mutants. The only remarkable difference was 
the increase in the production of biofilm, when 
adding glucose or sucrose. This increase was not 
significantly different when we compared the wild-
type to the luxS÷ mutants (fig.4).
Structural differences?
Biofilm formation in microtiter plates showed no 
difference in structure between the wild-type and 
the luxS deletion mutant. 
We emphasized not only in obvious differences 
such as differences in shape or irregularity, but also 
in size and different ways of organization in chain 
formation.
Scanning electron microscopic images showed no 
apparent differences, except for the wild type grown 
in TSB alone, in which aggregates of cells were more 
often present (fig. 5).
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Fig. 5
Scanning electron microscopic images of the wild type compared with the luxS deletion mutant subcultured 
on: a) BHI medium b) BHI supplemented with glucose c) BHI supplemented with sucrose.
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Discussion
As previously mentioned we wished to study wheth-
er the loss of the luxs gene was associated with 
changes in the biofilm formation and architecture. 
Given that this hypothesis was true one would 
expect a decrease in biofilm formation in the luxS 
deletion mutant, or at least a more irregular or 
looser architecture in the biofilm. The experiments 
were part of pilot studies, and more conclusive re-
sults might not be drawn. Refinement of the biofilm 
method and more experiments are warranted.
The possibility that luxS may be involved in 
S. intermedius biofilm formation under environ-
mental conditions differing from those used in the 
present study might not be excluded. Such possibil-
ity is currently being examined as part of other on-
going projects, including conditions leading to more 
mature biofilms.
Conclusion
Not surprisingly are the subjects of quorum sensing 
and biofilm formation given a lot of attention. These 
efforts may actually result in the development 
of strategies for effectively controlling biofilm 
mediated infections.
A better understanding of how bacteria communicate 
in the formation of biofilms will also give us the 
knowledge of developing effective agents to intervene 
and to disconnect the bacterial communication, and 
hence prevent biofilm mediated infections.
The possibility to interfere with quorum sensing 
systems in oral bacteria may provide us a unique 
opportunity to prevent oral diseases in the future. 
Further research is needed to provide more 
information on the molecular mechanisms and 
signalling pathways in biofilms. This information 
will be of great clinical value in dentistry and 
medicine.
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